The study evaluated the effect of essential oils from lavender (Lavandula stoaches) (LEO), on growth performance, carcass quality and antioxidant status of broilers. Three nutritionally adequate diets were composed with the addition of LEO at 0, 24, and 48 mg/kg of feed. The diets were fed as mash in the starter (d 0-21) and grower (d 22-39) phases. A total of 405 day-old chicks (Ross-308) were allocated to the three dietary treatments, each with three replicate pens with 45 birds per pen. After the first 21-day feeding period, the bodyweight of chicks fed 24 mg/kg LEO was higher (P <0.01) than the 48 mg/kg LEO treatment, but only slightly higher than that of the untreated group. Diets with 24 and 48 mg/kg of LEO tended to increase final bodyweight of birds at 39 days old. No differences were observed for feed intake (FI), feed conversion ratio (FCR) and mortality among treatments. Feeding chickens on a diet with added LEO significantly reduced the relative weight of liver (P <0.01) compared with the control (CNT) group. Percentage of spleen weight of birds fed 24 mg/kg LEO was lower (P <0.05) than for those who received 48 mg/kg LEO. However, it was similar to that of the CNT. Birds fed diets supplemented with 24 and 48 mg/kg LEO had breast meat with higher brightness (L* value) and higher concentration of superoxide dismutase (SOD) compared with birds that did not receive LEO. Based on the data, it can be concluded that LEO could be used as a growth promoter in broiler nutrition with potential improvements in breast meat quality. ______________________________________________________________________________________
Introduction
From the beginning of 2016, the use of antibiotic growth promoters (AGPs) in poultry diets has been banned in European Union (EU) countries because of resistance to pathogenic microorganisms and some residues in food products. Hence, research into alternatives to AGPs has gained importance to ensure animal health and performance without compromising human health (Steiner, 2009; Franz et al., 2010) . In this respect, aromatic herbs, such as oregano, rosemary, sage mint, laurel, and their extracts and essential oils (EOs) are listed among the most commonly researched phytoadditives in broilers, all of which belong to the plant family of Labiate (Brenes & Roura, 2010; Zeng et al., 2015) . A sufficient number of studies have demonstrated that phytogenic products derived from these plants contain phenols and polyphenols as key constituents, which have multiple functions as a whole, including antimicrobial, antioxidant, anti-coccidial, immunomodulator activities, and digestion-enhancing properties (Dang et al., 2001; Jamroz et al., 2005; Basmacıoğlu et al., 2004; Jang et al., 2007; Bozkurt et al., 2012a; 2012b) .
Scientific evidence involving EOs of oregano, rosemary and sage has demonstrated that they were able to reduce oxidative damage of fats in serum and edible tissues, with improvements in sensory and physical characteristics of poultry meat, particularly broiler chickens (Basmacıoğlu et al., 2004; Botsoglou et al., 2002; . Despite the exhaustive investigations and efforts at in-depth characterization of the phenolic compounds derived from plants belonging to the Labiate family, knowledge of the mode of action and application with lavender is still rudimentary.
Lavenders (Lavandula spp.) belong to the family Labiatae (Lamiacae) and have been used in dried form or as an EO for centuries for a variety of therapeutic and cosmetic purposes, including antibacterial, antifungal and anti-depressive uses. LEO has a complex structure with over 150 active constituents, including camphor, linalool, linalyl acetate, 1,8-cineole, β-cymene and terpinen-4-ol as the main components (Cavanagh & Wilkinson, 2002) . From various in vitro methods it has been established that LEO has a powerful antioxidant activity, which is attributed in particular to the presence of phenolic and polyphenolic substances (Gülçin et al., 2004) . EOs from the Lavandula stoechas L. ssp. in Turkey contain more than 40% camphor (the main active component) which is characterized by antibacterial and antioxidant properties (Economou et al., 1991; Cowan, 1999; Öztürk et al., 2005) .
Poultry meat is susceptible to oxidative deterioration owing to its phospholipid content (Halliwell & Chirico, 1993) , which contributes a robust response to the lipid antioxidant status of chicken meat. This could be generated by dietary supplementation of phytogenic compounds such as phenols by LEO in the present study. There are no scientific reports about the dietary supplemental effect of lavender (Lavandula stoaches) on the antioxidant status of chicken meat or broiler performance response. The authors considered that the well-documented antioxidative and antimicrobial properties of the phenolic compounds of LEO might have implications on growth performance, carcass characteristics and meat quality in broiler chickens. Therefore, the present study was conducted to assess the in-feed use of LEO (24 and 48 mg/kg diet) on growth performance, carcass characteristics, and meat quality aspects in broiler chickens reared up to 39 days old.
Material and Methods
All of the procedures for animal handling and sample collection were approved by Eskişehir Osmangazi University Local Ethics Committee of Animal Experiments (HAYDEK-420-2014) .
A total of 405 day-old sexed broiler chicks (Ross-308) (with bodyweight of 49.2 ± 1.08 g) from a commercial hatchery were divided into three treatment groups. Each group contained 135 birds and were randomly assigned to a treatment. The experiment was performed as a completely randomized design. Each treatment group was further sub-divided into three replicates containing 45 birds (22 males and 23 females). Each replicate was assigned to a clean floor pen (2.3 x 1.5 m) equipped with one hanging bell drinker, two tube-type feeders, and electrical heaters. Birds were reared in pens (13 birds per m 2 floor space) provided with litter (pine wood shavings) to a depth of 5-6 cm. The pen was the experimental unit (replicate) in the present study. The room temperature was gradually decreased from 33 °C on chick arrival to 23 °C on day 22, and then kept constant until trial termination on day 39. Chicks received 23 hours light/day during the experiment. The house was ventilated with adjustable windows. Birds were vaccinated against infectious bursal disease and Newcastle disease virus via drinking water at 10 and 14 days old, respectively.
The diet was a typical corn-wheat-soybean mixture, which was formulated to meet or exceed all nutrient recommendations in the Ross rearing guidelines (Aviagen, 2007) and did not contain AGPS or other performance enhancers. The diet, in mash form, and water were provided ad libitum. The chemical compositions of diets were determined according to the methods of AOAC (1990). Metabolic energy was calculated according to the Turkish Standards Institute (TSE) (1991). Starter and grower diets were given to broiler chickens during the experimental periods from days 1 to 21 and from days 22 to 39, respectively. Ingredients and nutritional composition of the starter and grower diets are presented in Table 1 . The first treatment group of the experiment was CNT, the feed of which consisted of corn, wheat and soybean (Table 1 ). The feeds of the second and third groups contained LEO derived from the selected herb (Lavandula stoaches), which grows wild in Turkey. The LEO was obtained by the water vapour distillation method provided by Inan Agriculture (Aksu-Antalya). The active compounds of the LEO were determined with the Gas Chromatography-Mass Spectrometry (HP 6890 GC/5973 MSD) system (Table 2) . LEO was diluted with n-hexane (1:100) and injected into the system (injection temperature 250 °C; injection split 1/100; column DB-17 30 m, 0.25 μm, 0.32 mm (agilent); initial oven temperature 70 °C, at a rate of 8 °C/min; final oven temperature 200 °C ; injection volume 1 μl). Feed additive was prepared by infusing the determined ratio of the LEO to zeolite. The amount of LEO supplemented in each 1 kg feed for the second and third groups was 24 mg and 48 mg, respectively. These dietary inclusion levels were based on the supplemental dosages of EOs of the Labiatae family in previous studies (Alçiçek et al., 2004; Bozkurt et al. 2012a) , which demonstrated significant growth promoter efficacy. One kg feed additive was prepared by infusing 24 g and 48 g EO to 976 g and 952 g zeolite, respectively.
All chicks were weighed individually at days 1, 21, and 39 to determine bodyweight. Bodyweight gain was calculated for the related periods. FI in each subgroup was determined at days 21 and 39. The FCR was calculated as the ratio of FI to bodyweight gain (g feed/g gain) on a replicate basis. Mortality was recorded daily for each subgroup, and calculated as the percentage of deaths to the initial number of chickens. Broilers were all slaughtered at 39 days of age. To determine the carcass yield, relative weight of the carcass cuts, internal organ weight, and meat quality characteristics, 16 birds (three males and three females from two of the three replicate pens and two male and two females from the third replicate), representing the average weight of the group (± 5%), were selected from each group. Thus, 8 male and 8 female birds were sampled per treatment group. Then, 48 sampled birds were slaughtered by severing the jugular vein in the experimental processing unit 8 h after the feed withdrawal. The carcasses were immersed into hot water (60 °C for 62 s), plucked and eviscerated manually. The whole carcass was weighed immediately and cut into parts. Hot carcass yield was calculated as a percentage of pre-slaughter live bodyweight. The breasts (including pectoralis major and pectoralis minor), legs (including thigh and drumstick), wings, and back were weighed. The percentage weight of the eviscerated carcasses was calculated as the ratio between the eviscerated carcass and live bodyweight. The percentages of the breast, leg, wing and back were calculated in relation to the eviscerated carcass weight. The weights of selected internal organs (gizzard, liver, spleen and pancreas) and abdominal fat were weighed and expressed as percentage of live bodyweight.
The breast and thighs were separated with their skin on. The colour values of these samples were determined according to the CIELAB method using Minolta CR-300 (USA) colorimeter apparatus. Lightness, redness, and yellowness values, L*, a*, and b*, respectively, were represented according to this method. Water-holding capacity was measured by the centrifuging method (Castellini et al., 2002) . Drip loss percentage was determined as described by Fanatico et al. (2005) .
Tissue samples were washed in an ice-cold 20 mM Tris-HCl (pH 7·4) buffer solution, which contained 140 mM KCl, and were homogenized in a 10 w/v ratio of the same buffer solution with a Teflon homogenizer (Miccra D-1, ART Prozess & Labortechnik GmbH, Germany). Homogenates were centrifuged at 20 000 g and 4 °C for 10 min, and supernatants were separated. Products of lipid peroxidation were estimated by measuring the concentration of malondialdehyde (MDA), expressed as thiobarbituric acid-reactive substances according to the method of Yoshoiko (1979) . Total SOD activity was analysed according to the method of Sun et al. (1988) with a slight modification by Durak et al. (1993) , based on the inhibition of nitroblue tetrazolium reduction by the xanthine/xanthine oxidase system as a superoxide generator. Catalase (CAT) activity was determined by measuring the decomposition of hydrogen peroxide according to the method of Aebi (1983) and was expressed as k/g protein, where k is the first-order rate constant. Contents of protein were measured in the homogenates according to the method of Lowry et al. (1951) using bovine serum albumin as the standard.
Data were analysed by ANOVA using the GLM procedure of SAS (2001). An arc-sin transformation was applied to the percentage values (i.e. mortality) before testing for differences. Significant differences among means of treatments were determined by Duncan's multiple range test with 5% probability.
Results
Data regarding performance indices during the starter phase (0 to 21 d) and the overall growth period (1 to 39 d) are presented in Table 3 . During the starter phase (d 0 to 21), there were no significant differences (P >0.05) in growth performance responses (i.e. BW, FI and FCR) between the CNT and 24 or 48 mg/kg LEO treatments. However, BW of chicks fed 24 mg/kg LEO was heavier (P <0.01) than those treated with 48 mg/kg LEO. The supplementation diet with 24 and 48 mg/kg LEO had no significant effect on the BW, FI and FCR of chicks when compared with the CNT treatment during the study. In contrast to the pattern observed for d 0 to 21, chickens fed 24 and 48 mg/kg LEO had heavier BW than those in the untreated CNT group between d 1 and d 39 (P = 0.09). The birds were in good health throughout the study. Therefore, the mortality rate of birds was not affected by dietary LEO supplementation throughout the experimental period.
Carcass yield and relative weights of carcass parts of broilers were unaffected by LEO supplementation (P >0.05) ( Table 4) . Measurements of proportional weight of visceral organs and abdominal fat are shown in Table 5 . The relative weights of the gizzard and pancreas were not affected by the dietary LEO supplementation (P >0.05), whereas the relative weights of the liver and spleen were altered by LEO treatments. Feeding chickens a diet with LEO reduced the relative weight of liver compared with those of the untreated CNT group (P <0.01). The percentage weight of spleen of birds fed 24 mg/kg LEO was lower (P <0.05) than those that received 48 mg/kg LEO, and no differences were observed between the CNT and treated groups.
Meat colour ( L*, a*, b* colour values), water-holding capacity, and drip loss of breast and thigh meat of chickens fed a diet with or without LEO are presented in Table 6 . There were no treatment differences (P >0.05) in meat quality characteristics, with the exception of the breast meat L* value of chicks. Birds treated with LEO had a higher L* value (P <0.01) than those on a diet without LEO. The effects of LEO on MDA, superoxide dismutase (SOD), and catalase (CAT) concentrations in blood serum, breast meat and liver of chickens are shown in Table 7 . The results of this study showed that there were no significant differences (P >0.05) in MDA, SOD and CAT concentrations in blood serum, breast meat, and liver, with the exception of the SOD concentration of breast meat (P >0.05). Dietary LEO supplementation significantly increased SOD concentration of breast meat (P <0.05). 
Discussion
The present study was conducted to compare the effects of LEO as a source of phytoadditive when fed to broiler chickens at levels of 24 and 48 mg/kg diet on performance, carcass yield and meat quality features, including sensory characteristics and oxidative stability. LEO supplementation at 24 mg/kg tended to increase the BW of broilers after 21 days feeding period, but feeding on 48 mg/kg LEO showed no such beneficial effect. However, broilers fed diets supplemented with 24 and 48 mg/kg had slight increases (P = 0.09) in bodyweight at d 39 compared with those fed no LEO. Such increase of bodyweight as 47 and 83 g in birds fed 24 and 48 mg/kg LEO without consuming extra feed could be regarded as growth promotion. It is reasonable to expect such an effect by LEO because of its well-documented antimicrobial and antioxidant effects (Economou et al. 1991 , Cowan, 1999 Gülçin et al 2004) and the probable digestive enhancer activity of phenolic compounds (Jamroz et al. 2005; Basmacıoğlu et al. 2010) , which is a core mode of beneficial nutritional action. The results for bodyweight gain are similar to the findings of earlier studies on supplementing broiler diets with EOs of oregano, rosemary, sage and lavender, all of which belong to the Labiate plant family and contain phenols as key components (Alçiçek et al., 2003; Alçiçek et al., 2004; , Basmacıoğlu et al., 2004; Basmacıoğlu et al., 2010; Botsoglou et al., 2004; Hernandez et al., 2004; Bozkurt et al., 2009; Bozkurt et al., 2012a; .
No differences were observed in FI and mortality rate of birds at 21 and 39 days old. This is in agreement with the earlier studies (stated above) in which EOs had positive implications on growth rate of broiler chickens as in-feed agents. Most of these studies showed little difference in or improved FCR when EOs were fed to broilers, which partly agrees with the findings of the present study. What is particularly interesting about these studies, as well as the current experiment, is that there were still beneficial effects within the dataset as a whole (e.g. decreased pathogenic bacteria, increased oxidative stability, and improved immune response) which have not translated to significant improvement in FCR.
Many investigations have shown that dietary addition of plants the Labiate family and their essential oils of can positively affect chicken meat quality during refrigerated storage, an effect related to their antioxidant properties in the case of the reduction of lipid oxidation. Phytogenic compounds that were tested, which are mostly consisted of phenolic compounds, include rosemary and sage extracts (Lopez-Bote et al., 1998) , oregano and oregano oil (Botsoglou et al., 2002; , rosemary (Govaris et al., 2004) , and rosemary and oregano oil (Basmacıoğlu et al., 2004; Botsoglou et al., 2005) . However, there were no indications of significant beneficial effects of phytoadditive compounds on carcass yield and carcass cut-up parts yield (Alçiçek et al., 2004; Jamroz et al., 2005) .
In the present experiment, significant contributions to meat quality from treatments supplemented with 24 and 48 mg/kg LEO were generated via increases of L* value and SOD activity in breast meat. This was fully in agreement with earlier research findings, which indicated that phenolic compounds of plants from the Labiate family improved the oxidative stability of poultry meat (Lopez-Bote et al., 1998; Botsoglou et al., 2002 Botsoglou et al., , 2005 Basmacıoğlu et al., 2004) . The marked increase in L* value in chicken meat is closely related to total antioxidant capacity because of the relationship between brightness of meat (L* value) and phospholipase A 2 activity, an enzyme that oxidases phospholipids in meat (Soares et al., 2003) .
Data obtained in the current experiment showed that LEO have an antioxidative effect in poultry meat, which had been screened for other EOs of the Labiate family. Collectively, this might serve as direct evidence for a lower need for antioxidant defence mechanism against lipid peroxidation in association with the antioxidant action of LEO with phenols as key constituents (i.e., camphor and tenchone in the present study).
The diets with 24 and 48 mg LEO significantly reduced (P <0.01) the percentage of liver weight of chickens compared with untreated ones (as seen in Table 4 ). This can be regarded as a remarkable regression within biological limits without any deterioration in general health status, performance and metabolic functions following the 39-day feeding period. With this in mind, the liver is an organ with a central metabolic role in the organism, which performs detoxification and antioxidation tasks (Džinic et al., 2015) . The increased breast meat SOD concentration in birds fed LEO indicates that plant polyphenols have the capacity for powerful antioxidant activity. Thus, the phytogenic substances by LEO in the feed might alleviate the metabolic load of the liver among the proposed mechanism while enabling it to perform within less absolute weight.
The tendency to increase the proportional weight of the spleen, an organ with a significant role in the immune defence system, as a response to 48 mg/kg LEO supplementation, compared with the other treatments, is noticeable. Substantial evidence indicated that plant bioactives have positive implications on gut health and productive performance of poultry, and are generally recognized as safe (Yang et al., 2015; Franz et al., 2010) . Nevertheless, the use of phytogenic compounds as animal feed additives may include potential side effects such as toxicity (Lambert et al., 2001; Cheng et al., 2014) . Hence, as stated by Yang et al., (2015) , a complete assessment of the toxicity and safety of phytogenic compounds is needed before the compounds can be used extensively in animal feeds.
Conclusion
From the data of the current experiment, LEO can be used successfully in broiler nutrition to increase bodyweight gain and could improve meat quality. Data obtained in this study and results from corresponding earlier experiments suggest that EOs of plants from the Labiate family, which consist mainly of phenols, when supplemented at levels of 24 to 48 mg/kg diet, are efficient in exerting antioxidant and growth promoter activity. It is worth investigating whether LEO has the potential to control liver pathologies of agricultural animals, in particular those caused by oxidative stress and mycotoxicosis, which is one of the popular topics on the agenda of animal feeding.
